I. Introduction
The adsorption structure and energetics of vinyl chloride on the Ag(111) surface, one of the few systems of molecules physisorbed on metal surfaces that have demonstrated substrate-mediated photochemical activity, [1] [2] [3] have been characterized 4 using Thermal Desorption Spectroscopy (TDS) and High Resolution Electron Energy
Loss Spectroscopy (HREELS). Vinyl chloride of low sub-monolayer (ML) coverage is found to adsorb molecularly on Ag(111) up to 122 K with a desorption activation energy of 28 kJ/mol. At 126 K vinyl chloride may dissociate into vinyl and Cl, which undergo second order recombination at 190 K with activation energy of 46 kJ/mol. Upon ultraviolet laser irradiation, physisorbed vinyl chloride dissociates, via molecular anion formation induced by substrate electron attachment, 3 into products chloride and vinyl.
Recombination of the latter, through a first order, diffusion limited process at 249 K with an activation energy of 43.5 kJ/mol, forms 1,3-butadiene.
It is generally anticipated that chloride (the Cl atom) would have strong interactions with the Ag surface. Electron transfer from Ag to Cl in the Ag-Cl bonding would result in a chloride adsorption site with negative charge. These charge centers are expected to affect the adsorption of the vinyl chloride molecule, which has a relatively large molecular dipole moment.
In general, adsorbate-adsorbate interactions are in the range of 0.4-40 kJ/mol and can be as strong as adsorbate-substrate interactions in physisorbed systems and consequently affect the adsorption. Adsorbate-adsorbate interactions are mimicked through the space and/or mediated through the substrate. 5 As an example of the latter, electronegative co-adsorbates may deplete metal states near the Fermi level, 6 reducing the degree of back donation of electron density from the metal to the adsorbate.
Electronegative adsorbates also increase the local work function. [7] [8] [9] These adsorbatesubstrate interactions would affect long range adsorption structure as the system attempts to minimize the total free energy by maximizing attractive and minimizing repulsive interactions. 5 One example of the effect of co-adsorbed electronegative adsorbate is found on Ag(100) where sub-monolayer ethene is weakly π bonded with the molecular plane parallel to the surface plane. 10 With co-adsorbed Cl (θ Cl =0.065), ethene adsorption is enhanced as the Cl withdraws electron density from the metal, which increases ethene's ability to donate π electron density to the metal, resulting in stronger ethene-Ag binding.
Ethene was found to first adsorb onto the region around the Cl before regions of the surface away from the Cl.
In this letter, we report the effect of co-adsorbed Cl on the adsorption structure and energetics of vinyl chloride on Ag(111) as a case study for how charged centers on a surface may affect the physisorption of molecules with large dipole moments.
II. Experimental
Two UHV chambers, each with a base pressure of 1x10 -10 Torr, were used. 
III. Results and Discussion
The bottom curve of Figure 1 shows TDS of 0.03 monolayer (ML) vinyl chloride on Ag(111). The very low coverage TDS reveals two features that can be characterized as a first order molecular desorption feature at 122 K and a second order, coverage dependent, recombinative (vinyl plus Cl) desorption feature at 190 K. then, must be due to the presence of Cl. Cl is electronegative and is expected to withdraw electron density from the surface, causing Cl to carry a partial negative charge.
Ag has little ability to donate electron density to vinyl chloride and likewise, vinyl chloride has little ability to donate π electron density to the silver d bands, which are about 3.9 eV below Fermi level. As a result, and consistent with HREELS, there is no vinyl chloride rehybridization on Ag(111) or Cl-Ag(111). Therefore, the 8 kJ/mol increase in desorption activation energy must be due to direct interaction between Cl and vinyl chloride, rather than via a through-the-metal interaction.
Since the Cl carries a partial negative charge and vinyl chloride has a dipole moment of 1.4 D, a first order approximation of the interaction can be modeled with a charge-dipole interaction. In calculating the charge-dipole attraction between the negative Cl and vinyl chloride, the charge-dipole repulsion between the positive image charge in the metal and the vinyl chloride must also be included. In the calculation, we use the Cl adsorbed on Ag(111) with a full -1 point charge at 2.7 Å above the surface, 15 and based on the geometry of vinyl chloride, approximate the dipole moment center to be 
IV. Conclusion
We have determined that vinyl chloride physisorbs molecularly on Cl-Ag (111) with no rehybridization and an adsorption energy 8 kJ/mol higher than on Ag(111). On both surfaces the vinyl chloride adsorbs with its molecular plane approximately parallel to the surface, but on the Cl-Ag(111) surface, the vinyl chloride plane is more parallel to the surface plane. The Cl-vinyl chloride interaction may be modeled with a simple charge-dipole interaction that is consistent with the experimentally determined desorption activation energy. TDS peaks also indicate that vinyl chloride adsorbed closer to the Cl atom has a stronger binding energy to the surface. Table 1 Assignments of HREELS spectra to vinyl chloride, vinyl, and Cl on Ag(111). For comparison the gaseous and liquid vinyl chloride IR spectra assignments are also listed.
